Many integrated conservation and development projects use road construction to induce a shift in income activities, since road access can reduce both poverty and environmental degradation. There is, however, little empirical evidence on the effects of road access on income patterns. We contribute to existing literature by analyzing the effects of road access on income activity choice in Korup National Park, Cameroon using a difference-in-difference approach. Road access led to a rise in total household income by 38% due to higher household participation in self-employment and wage labor. We neither found an effect on income from crop farming nor on participation in hunting activities. The effects of road access can be diverse and unforeseeable. Road construction in protected areas should thus be carefully considered and planned and only be implemented when other options are not feasible.
Introduction
In accordance with the Sustainable Development Goals of the United Nations, the need for infrastructure in developing regions and its positive effect on poverty reduction has been widely accepted [1] [2] [3] . Among others, roads enable access to public services and institutions, providing connection and simplifying transport [4] . In the past, studies have focused on highlighting these positive effects of road access on poverty alleviation and livelihoods by reducing travel time and costs, as well as creating job opportunities and establishing better access to local markets, which in turn increase agricultural production and household income [1] [2] [3] [5] [6] [7] [8] . Additionally, local communities profit from employment during construction and better access to public services, like hospitals and schools [4] .
In Western Africa, where commercial bushmeat hunting remains one of the main conservation challenges [9] , road access is also suggested to induce a shift in primary occupation from hunting to farming [10] . Indeed, others found hunting effort to be a negative function of farming effort and likely to decline if agricultural production increases [11, 12] . In West Africa, many integrated conservation and development projects (ICDP), which aim to promote conservation in a way that reduces poverty and use poverty reduction as a tool to enhance conservation [13] , failed to substitute poaching as a very lucrative income source with alternatives, such as cash-crop farming or livestock keeping [14, 15] . Improving road access may serve as a key instrument in ICDPs, since it fosters agricultural production and in turn combats both poverty and wildlife decline. However, information on the effects of road access on income activity patterns as well as the effectiveness of ICDPs in general remains limited [15] .
Here, we present a case study from Southwest Cameroon, where the construction of unpaved motorbike roads in the context of an ICDP has been used to facilitate the marketing of crops such as cocoa, plantain, and cassava and, therefore, promote crop farming and reduce hunting [14, 16] . Acknowledging that there are many other adverse effects of roads on biodiversity, such as deforestation [17] , fragmentation [18] , genetic degradation [19] , and wildlife collisions [20] , we want to focus this study on the impact of road access on income patterns of rural communities, which indirectly affect biodiversity.
Taking the case of an ICDP in Southwest Cameroon, we aim to identify the causal effects of road access on income activities. We hypothesized that total household income will increase in response to road access due to higher crop sales and new job opportunities. In consequence, we expected a negative impact of road access on income from hunting. We further enrich these quantitative findings by the perceptions of rural households concerning the effects of improved road access on village life.
Materials and Methods

Study Area
Korup National Park (KNP), located in the Southwest Region of Cameroon (4 • 53 N to 5 • 27 N and 8 • 43 E to 9 • 15 E), is part of the largest continuous forest block in West Africa, the Cross-Sanaga-Bioko coastal forests. Its 1260 km 2 range is dominated by an intact and diverse lowland rainforest and offsets of the Cameroonian mountain line [21] . KNP is part of the Gulf of Guinea Biodiversity Hotspot, harboring a rich fish, insect, bird, and herpetofaunal species pool [22] . The Korup region is also home of more than 160 mammal species, many of which are endangered due to commercial hunting, such as the African forest elephant, Elliot's chimpanzee, and the Mainland drill. There are five isolated villages located within the park (Figure 1 ), which are part of an ICDP, aiming, amongst others, to reduce hunting pressure using a variety of incentives and agreements. Out of these, one incentive entailed first-time road access for the park villages Erat and Esukutan (in March 2015 and April 2015, respectively). The new motorbike roads are dirt roads constructed along former foot tracks with small-sized culverts for drainage, preventing the passage of cars. The motorbike roads allow transport of heavy cargo, while they reduce travelling time to the nearest regional markets from four to two hours for Mundemba and three to one hour for Babi ([23] , Figure 1) .
Ikenge village, which is situated within the same natural environment as the road villages, providing similar conditions for crop farming, hunting, and collecting forest products, served as a control site for this study. As it can only be reached by foot, spending at least three hours to get to the next neighboring village, we considered Ikenge as not affected by the road. The other two remaining villages in the park were excluded from the study because of their small size. Ikenge village, which is situated within the same natural environment as the road villages, providing similar conditions for crop farming, hunting, and collecting forest products, served as a control site for this study. As it can only be reached by foot, spending at least three hours to get to the next neighboring village, we considered Ikenge as not affected by the road. The other two remaining villages in the park were excluded from the study because of their small size.
Data Collection
We conducted structured interviews on quantitative household data in Erat, Esukutan, and Ikenge prior to (March and April 2015) and post-road construction (April and May 2016). Though the members of the survey team changed from 2015 to 2016, the local assistant and translator, the sampling protocol, and the questionnaire sheet remained the same. In 2016 only, we used a box questionnaire, open as well as with questions with item-specific response options in road villages to support and describe quantitative survey results. We organized box questionnaires to ascertain that the household selection for interviews was representative, as direct questions on sensitive topics, such as illegal activities (i.e., poaching), are likely to result in biased data [24] [25] [26] . All inhabitants were invited to fill out a short anonymous questionnaire. Sheets were thrown into a cardboard box. Questionnaires were filled out prior to the actual interviews and generated 95 completed sheets in Erat and 92 in Esukutan. Similar income source distributions between face to face interviews and box questionnaires were found (X 2 = 20, df = 16, p value = 0.2202; Table A1 ).
In both years, sample households were drawn randomly based on census lists received from local authorities. Since income-generating activities of men and women differed in the study region and contribution to household income was not equal, the household head and his/her spouse were interviewed separately, and data pooled subsequently [23, 27, 28] . All interviews were conducted face to face with only the respondent, interviewer, and translator present. 
In both years, sample households were drawn randomly based on census lists received from local authorities. Since income-generating activities of men and women differed in the study region and contribution to household income was not equal, the household head and his/her spouse were interviewed separately, and data pooled subsequently [23, 27, 28] . All interviews were conducted face to face with only the respondent, interviewer, and translator present.
Each interview consisted of three sections and lasted between one and a half to two hours. Section one covered household demographics. Section two encompassed the main part of the survey. Here, we collected data about household income by requesting detailed information on inputs, outputs, and prices for different income sources as well as expenditures for the last 12 months. Income and expenses were recorded in local currency (CFA Franc CFAF). The third section of the survey only addressed households in road villages after road construction.
It consisted of open-ended questions as well as questions with item-specific response options [29] , regarding attitudes towards the new road, farming, and poaching.
All interview sheets were reviewed during the survey and households revisited if data were unclear, inaccurate or incomplete. We revised or eliminated interview sheets when either the sum of all income data exceeded 150% of total expenses and vice versa, or the interviewee did obviously withhold information, such as income from poaching activities. Accordingly, data from 30 households in 2015 (n road = 20, n control = 10) and from 68 households in 2016 (n road = 51, n control = 17) with similar household demographics (Table A2 ) was analyzed.
Data analysis
We considered income as the sum of cash income plus the market value of produced but self-consumed goods, minus all expenditures for inputs such as pesticides and hired labor. Labor provided by household members was hereby not considered [30] . We distinguished between six major income sources (Table 1) . Income from self-employment and wage labor (SEW) was combined because engagement was often short-dated or undefined and could not be allocated to one or the other category (e.g., irregular paid work on farm, employed teacher with irregular payment). Changes in income between the survey years were tested in the road villages and control village, respectively, using Mann-Whitney U tests (MWU). For the econometric analyses, total income, crop income, NTFP income (income from nontimber forest products), and income from fishing were log transformed due to non-normal distributions [31, 32] . SEW income, hunting income, and income from livestock were zero inflated and therefore transformed to binary variables (0,1). Statistical analysis was carried out in R version 3.3.2 [33] . Sum of all inputs
We tested the effect of road access on total income and income composition using the difference-in-difference (DD) approach. It measures an impact by comparing a treatment and control group with respect to heterogeneity and changes over time. DD allows unobserved heterogeneity but assumes that this is time-invariant. By collecting data of a control and treatment group, before and after the treatment, this heterogeneity can be differenced out [34] . The underlying estimation equation for the outcome variable is [35] :
where Y j it is the outcome variable for household i, d t is a dummy variable for time (d t = 1 for 2016 and zero for 2015), d j is a dummy variable for treatment status (d j = 1 for all households living in villages with road access and zero otherwise), and d j t is an interaction term between time and treatment. The coefficient β captures the effect of the treatment on the outcome for the treatment group, while α 1 controls for the difference within the control group before and after the treatment. ε j is a vector of time-variant variables, which might have an impact on the outcome variable as well.
Applying DD estimation, the effect of road connection was tested on total income and all six major income sources ( Table 1) . As mentioned above, DD controls for time-invariant unobserved heterogeneity, i.e., that other covariates do not change across the years. If those variables, however, vary over time, they need to be controlled for in the regression model to get the net effect of improved road access on the outcome. We hence extended the regression model by including other covariates that may affect the outcome. The selection of covariates was based on a previous study [7] . Multicollinearity was identified using Spearman rank tests and the generalized variance inflation factors (GVIF; [36] ). GVIF was used because there were categorical and dummy variables in the model. We defined moderate correlations at GVIF > 5 and strong correlations at GVIF > 10 and ρ > 0.7 (rhô, a measure of correlation strength [36] [37] [38] [39] ). Since the interaction term of treated and time constitutes the heart of a DD analysis, it was kept despite a moderate GVIF value [34] . Model selection was based on selective stepwise backward regressions, impact of road connection (that is, the respective p-value) and ranked adjusted R square values [34] . Covariates of the final models can be found in Table 2 . Furthermore, we tested the effect of road access on total income of different wealth groups. Therefore, we divided the dataset into two income categories (I = 'below median total income' and II = 'above median total income') using the median of total income as the threshold value and repeated DD estimations.
Following the idea of the qualitative content analysis in [40] , responses from open-ended and focus group questions were first paraphrased, then generalized, and finally reduced to their central statements. All data on behavior change and attitude towards the road were analyzed using frequency analysis.
Results
Descriptive Analysis of Household Incomes
The main income source in road villages was crop farming, followed by hunting, collection of NTFP, fishing, SEW, and livestock keeping (Figure 2) before the road opening. With road access, income from crop farming (MWU, U = 321, p = 0.015) and SEW was significantly higher (MWU, U = 351, p = 0.038); the latter was even higher than income from fishing. In the control village, hunting income was the main income source in 2015 but significantly dropped in 2016 (MWU,
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Impact Analysis of Road Access on Household Incomes
The results of the DD models indicate that road connectivity led to an increase in total income by 38% (Table 3) . When looking at the different income sources, we found that road access had a positive effect on the participation of households in self-employment and wage labor, which increased by 63% (Table 4 ). All other income activities were not affected (Tables 3 and 4) . Road connectivity lead to a significant increase in total income of 'above median income' households by 33% but had no significant impact on the income of 'below median income' households (Table 3 ). 
The results of the DD models indicate that road connectivity led to an increase in total income by 38% (Table 3) . When looking at the different income sources, we found that road access had a positive effect on the participation of households in self-employment and wage labor, which increased by 63% (Table 4 ). All other income activities were not affected (Tables 3 and 4) . Road connectivity lead to a significant increase in total income of 'above median income' households by 33% but had no significant impact on the income of 'below median income' households (Table 3) . 
Perception of Road Impacts
In addition to the quantitative results concerning the income effects of improved road access presented above, we also asked the respondents in the road villages about their perceptions regarding the influence of improved road access. According to them, the road had positive effects on vending outside (48%) and inside the village (59%), of which the latter could be attributed particularly to an increased number of customers. The number of visitors (85%) and vendors (75%) also increased in the village. Bushmeat sales, on the other hand, decreased (37%) or stayed the same (34%) following road construction. Most respondents stated that their crop sales stayed the same (55%), yet some also reported an increase (31%). Respondents agreed that transport costs were higher after road opening (69%). It appears that hunting quantity was reduced (73%) mainly due to fear of consequences (34%) and alternative income sources (24%). According to respondents, road access led to an increase in agricultural production (55%), which could be attributed to simplified sales (21%) and less hunting (11%). Most respondents stated that income was positively affected (47%) largely due to improved sales (28%), while respondents who reported that income had been affected negatively (29%) explained this with reduced hunting effort (35%; Table 5 ). (6) Arrival frequency in the village Visitors 7 (7) 6 (6) 86 (85) 2 (2) Vendors 8 (8) 14 (14) 76 (75) 3 (3) Nearly half of the respondents (45%, Figure 3 ) perceived behavioral changes in the villages, including less conflicts and violence, lifestyle improvement, decreased alcohol consumption, tidiness of the village, and more civilized behavior. About 15% of the respondents mentioned that the village had developed and that traveling and transportation had increased. Personally, most respondents intended to improve their income situation (45%), mainly with business (57%) and crop farming (24%). Hunting to improve income was mentioned by just 2% of the respondents. Other intended personal changes included improving the housing situation (16%) and a lifestyle change (16%). Respondents described the latter as investing more into education, dressing differently, and becoming a 'town person'. (8) 14 (14) 76 (75) 3 (3) Nearly half of the respondents (45%, Figure 3 ) perceived behavioral changes in the villages, including less conflicts and violence, lifestyle improvement, decreased alcohol consumption, tidiness of the village, and more civilized behavior. About 15% of the respondents mentioned that the village had developed and that traveling and transportation had increased. Personally, most respondents intended to improve their income situation (45%), mainly with business (57%) and crop farming (24%). Hunting to improve income was mentioned by just 2% of the respondents. Other intended personal changes included improving the housing situation (16%) and a lifestyle change (16%). Respondents described the latter as investing more into education, dressing differently, and becoming a 'town person'. 
Discussion
In this study, we examined the effects of road access on the income structure of rural households and their perceptions concerning the effects on village life. Our results support the finding that livelihood of local people in KNP largely depends on crop farming, followed by hunting and income from NTFPs [41, 42] . Moreover, we found that total household income increased due to improved road access, which is in line with previous studies [1] [2] [3] [4] . However, 'below median income' households did not profit from road access. This could be due to lack of capital in combination with 
In this study, we examined the effects of road access on the income structure of rural households and their perceptions concerning the effects on village life. Our results support the finding that livelihood of local people in KNP largely depends on crop farming, followed by hunting and income from NTFPs [41, 42] . Moreover, we found that total household income increased due to improved road access, which is in line with previous studies [1] [2] [3] [4] . However, 'below median income' households did not profit from road access. This could be due to lack of capital in combination with high transportation costs [43] , preventing people from reacting on structural changes (i.e., road access) with an investment in their farms or opening of a business as well as gaining market access [44] . Even for nonbusiness travels, most households are now confronted with transportation costs, which were previously only paid when hiring porters. This is mainly because hiring a bike has become the modern way to travel, and people feel reluctant to walk.
We further found that the increase in total income can be attributed to a higher participation in household self-employment and wage labor. Our qualitative results suggest that the enhanced business activities are strongly related to a higher turnover rate in the village. Road access seems to establish new self-employment opportunities such as small shops. Traders, who buy products in neighboring Nigeria or nearby towns, are now using cheap transport to their villages, which creates higher profit margins. Furthermore, men with access to motorbikes offer transportation and delivery services. Women sell meals to visitors and vendors in the village. Many villagers declared their intentions to continue and extend such business activities. The qualitative results further suggest that wage employment has not improved. Overall, these findings show that the road not only opened new opportunities for villagers but also for people outside of KNP, which, on the downside, suggests growing human presence and activity in the protected area.
Crop income did not change in response to road access. This is not surprising, since the main cash crops in the area are tree crops, which need at least three years to reach maturity [45] . It seems to be beyond debate that road access can increase farming activities by enhancing access to fertilizers, speeding up transport of perishable products, and increasing transport capacities and better market access [6, 46, 47] . Respondents confirmed that road access stimulated their farming activities to increase agricultural outputs and explained this trend with simplified sales. This is in line with findings of an earlier study in neighboring villages, which found a link between increased income and simplified product marketing and noted increased quantities of NTFP and agricultural products in response to primary road access [16] . However, successful development of farming as an alternative income source to hunting will fail if wildlife-induced crop destruction re-increases hunting activities [12, 48] . Additional measures should thus include projects on mitigation of crop-raiding and human wildlife conflicts.
We also found that participation in hunting was not affected by road access. A reason for this result could be that giving up a major income source will only be manageable if alternative activities can yield similar income [48] . Many respondents mentioned that people who have mainly relied on hunting struggle to take up alternative activities due to a lack of necessary skills, tools, and capital. By ameliorating the income situation of only 'above median income' households, road access unfortunately seems to not reach this group. However, many respondents intended to decrease hunting output and effort as well as bushmeat sales, while only one respondent aimed at pursuing this activity, all of which point towards less hunting activities in the future. According to interview responses, this trend seems to primarily rely on enhanced law enforcement rather than alternative income sources. Apparently, the enhanced accessibility of eco guards reinforces the fear of legal consequences and thereby stalls hunting activities.
Nevertheless, in accordance with findings from Tanzania, our results suggest that reduced hunting efforts relate to an increase in agricultural production [12] . Moreover, several studies suggest a similar link to increased income from labor and self-employment [44, 49] . An increased participation in self-employment activities within road villages may thus lead to reduced hunting in KNP [50] , which itself could be a consequence from time famine [44] . Fishing provides the main source of protein in Southern Cameroon, while bushmeat hunting serves primarily to generate income [42] . A decrease in hunting activities should thus not create a strong need for protein replacement, so fishing activities and livestock rearing are unlikely to be enhanced for this reason. Fishing, however, has the potential to become a lucrative business, as the fish can be caught and prepared in the village and sold for profit in town, while strenuous livestock production in the village cannot compete with mass-produced town meat. However, the short time span between road opening and data collection requires considering the results of this study as short-term effects, leaving the door open for consequences in the long-term.
Respondents' perceptions of changes in the village were primarily a reduction of conflicts and violence attributed to easier access of gendarmerie. Communities also reported a change in visitor fluctuation associated with a different presentation of the village and its inhabitants, including less alcohol consumption. Indeed, the road seems to provide possibilities for new and permanent constructions by facilitating transportation of large and heavy construction materials (such as cement). Respondents explained that access to hospitals stays limited, as transportation with motorbikes on dirt roads remains challenging for elderly and badly injured community members. Hence, many respondents suggested the construction of health centers inside the villages. Overall, road access appears to not only impact income distribution but also lifestyle and behavior of the forest communities and provides a stepping stone for village development.
Conclusions
Conflicts between local communities and national park management objectives often arise where villages are set within national park boundaries. This demands for solutions such as resettlements, compensations, alternative livelihood strategies or changed management approaches [51] . In order to reduce negative anthropogenic effects on wildlife in the park, indigenous people in Korup National Park were successfully encouraged to leave the park through various measures, such as incentives, the implementation of new conservation policies or resettlements [52, 53] . However, experiences from resettling Ikondo Kondo I village, which was formerly situated inside Korup National Park, have shown that successful resettlements are difficult to realize since they require very careful planning and need to meet many prerequisites [54] . Our results suggest that road access for villages in formerly remote areas, for which resettlement is not feasible, can lead to desired short-term shifts in income patterns in the framework of an ICDP. Connectivity provides new opportunities regarding income generation and village development and changes village life as well as individual behavior, especially for households with above median incomes. In KNP, road construction was the outcome of a long process included in a set of incentives to halt hunting activities (e.g., paid involvement in park activities, monetary incentives at community level, support of road maintenance), where a resettlement was not an option [21, 55] . Still, potential long-term consequences of road access, such as vehicle collisions [20] , fragmentation effects [18] , increased pressure on wildlife, and open markets for species that were previously not hunted [56] , also need to be taken into account in the decision-making process. Hence, we support other findings [57] that using road access as an incentive in biodiversity rich areas should be carefully considered and planned and only be implemented when other options (such as resettlements) are not feasible. We therefore conclude that road access can only approach sustainability of the desired effects if it (1) can meet the target group (below medium households, relying on hunting); (2) is embedded in a framework of good communication, support, education, alternative income sources, and incentives and (3) if possible adverse effects on wildlife are considered. Acknowledgments: Our appreciation goes to Luisa Knobloch as well as all field assistants and members of the Korup Rainforest Conservation Society (KRCS) for their support during fieldwork.
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Appendix A Table A1 . Box questionnaire (n = 187) and face to face interview results (n = 143) in road villages (2016) regarding percentage of respondents conducting a certain income-generating activity in Korup National Park, Cameroon. 
Number (n) and
